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A system for automatically generating the layout of 
the plurality of text and graphic elements on a page in- 
cludes a memory device for storing a plurality of page 
specifications, each page specification including a plurali- 
ty of constraints describing the layout of user-definable 
text elements and graphic elements on a paper. The system 
further includes an input device for selecting one of the 
page specifications in the memory and for entering data 
defining the text and graphic elements of the selected page 
specification. A processor, coupled to the memory device 
and the input device selectively manipulates the text ele- 
ments and graphic elements to generate a page layout in 
accordance with the plurality of constraints of the selected 
page specification. An output device, either a video display 
or printer, is provided to display the generated page lay- 
out. A method for automated layout of user-definable text 
and graphic elements on a page is further disclosed. 
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METHOD AND APPARATUS FOR AUTOMATED PAGE LAYOUT 
OF TEXT AND GRAPHIC ELEMENTS 

FIELD OF THE INVENTION 

This invention relates to electronic publishing, 
and more particularly, to a system for automatically 
generating the page layout of a printed document from 
user-defined text and graphic elements. 

BACKGROUND OF THE INVENTION 

The design of printed material, i.e., the page 
layout, has historically been closely tied to the 
available page production technology • As publishing 
technology has evolved from early metal type 
technology to digitally scaled type technology, 
electronic publishing tools have likewise evolved. 
Early electronic publishing tools, such as TROFF by 
Bell Laboratories, Murray Hill, NJ, were designed to 
accommodate a page model of metal type which was laid 
out, from beginning to end, in a single process. 
These early publishing tools, required the user to 
embed descriptions of the page layout in the document 
itself. The embedded descriptions were later 
interpreted by a formatting program in a batch-oriented 
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manner. That is, the layout process occurred without 

human interaction. 

More recent interactive programs such as INTERLEA- 
by interleaf Publishing, Inc., Waltham, MA, U.S.A. 
allow the user to see the page layout in real time as 
it is being editted. Such programs are particularly 
suited for arranging the page layout of running text, 
and include facilities for breaking up lines, columns 
and cages of text. The parameters available to the 
user\o design the page layout typically control wore 
hyphenation, line length, formatting of page headers, 
footers and margins, formatting of text into columns, 
and flow of text around graphics. Further, once a 
page layout is defined by the user, these programs 
allow a multipage document to be created with a 
consistent look throughout all pages. Although such 
publishing tools are appropriate for formatting 
running text, they are less well-suited for 
applications in which a number of graphical and texr 
elements must relate to each other in complex ways . 
For this reason, page layout for ads and many other 
graphically oriented documents were still done by a 
graphic designer using hand paste-ups. 

Still more recently, graphics-oriented publishing 
tools such as PAGE MAKER by Aldus, Corp. Seattle, WA, 
and COREL DRAW by Corel System, Corp., Ottawa, Canada 
have combined interactive text formatting with 
graphics editing commands to give the user the ability 
to interactively place individual text or graphical 
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objects anywhere on a page to effect an electronic 
paste-up of a page. With these newer tools, the 
designer is given much creative freedom, and 
interactively makes numerous changes to the page 
layout, typically on a trial and error basis, until 
the desired page layout is achieved. These tools are 
most suited for one-of-a-kind page layouts in which 
the choice of type and positioning of graphics and 
lettering is critical. 

In documents such as business stationery, 
letterhead, business cards, resumes, restaurant menus, 
wedding invitations, and printed advertisements, the 
text and graphic elements are arranged in complex 
relationships. Unfortunately, none of the 
above-described publishing tools is capable of 
capturing these complex relationships. The text 
oriented publishing tools are too structured to 
achieve the desired document formats while the 
graphics-oriented publishing tools, require the 
designer to execute countless revisions of the page 
layout before achieving the desired format. 

There exists a need for an electronic publishing 
tool which simplifies the design of docximents which 
contain both text and graphic elements and which is 
capable of capturing the complex relationship between 
these elements . 

Accordingly, it is an object of the present 
invention to provide a system which automates the page 
layout of graphic and text elements in a printed 
document . 
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Another object of the present invention is to 
provide a system which stores a plurality of page 
specifications, each page specification comprising a 
plurality of constraints describing the layout of 
user-definable text and graphic elements. 

A further object of the present invention is to 
provide a system which allows the user to select a 
page specification, define text and graphic elements, 
and then automatically generate a page layout xn 
accordance with the page specification through 
selective manipulation of the text and graphic 
elements . 

Another object of the present invention is to 
provide i system which automates the page layout 
process, frees the designer from executing numerous 
revisions of the page layout to reach the desired 

format. . 

Yet another object of the present invention is to 
provide a method by which text and graphic elements m 
a page layout are automatically arranged in accordance 
with a plurality of constraints of a selected page 
specification. 

A further object of the present invention is to 
provide a method for automating the layout of text and 
graphic elements on a page which frees the designer 
from executing numerous revisions of the page layout 
^mtil the desired format is achieved. 
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SUMMARY OF THE INVENTION 

The above and other objects are achieved in 
accordance with the present invention which, according 
to a first aspect, provides an apparatus for 
automatically generating a layout of a plurality of 
text elements and graphic elements on a page. The 
apparatus comprises means for storing a plurality of 
page specifications, each page specification 
comprising a plurality of constraints describing the 
layout of user-definable text elements and graphic 
elements on a paper. Means are provided for selecting 
one of the page specifications as well as for 
receiving and storing user-defined character strings 
and graphic data defining the text elements and 
graphic elements, respectively, of the selected page 
specification. The apparatus further comprises means 
for manipulating the text and graphic elements of the 
selected page specification to automatically generate 
a page layout in accordance with the constraints of 
the selected page specification. Finally, the 
apparatus includes means for displaying the generated 
page layout . 

In accordance with a second aspect of the present 
invention, a method is provided for automated layout 
of text and graphic elements on a page . Such method 
comprises the steps of establishing a plurality of 
page specifications, each containing a plurality of 
constraints describing the layout of user definable 
text and graphic elements, selecting one of the page 
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specifications, defining the text and graphics 
elements, arranging the text and graphic elements into 
a page layout automatically in accordance with the 
constraints of the selected page specification, and 
displaying the arranged page layout. 

The foregoing and other features, objects and 
advantages of the invention will be more fully 
understood by reading the detailed description below 
in conjunction with the drawings. 

BRIEF DESCRIPTION O P THE DRAWINGS 
In the drawings: 

FIG. 1 is a block diagram of an apparatus for 
automatically generating a page layout according to 
the present invention; 

FIG. 2 is a conceptual illustration of a generic 
document in accordance with the present invention; 

FIG. 3 is a conceptual illustration of the page 
specification of the document of FIG. 2 in accordance 
with the present invention; and 

FIG. 4 is a flow chart illustrating the steps of a 
method for automated layout of a page according to the 
present invention. 

DETAILED DESCRIPTION 

With reference now to the drawings, and more 
particularly to FIG. 1 thereof, a system 10 in 
accordance with the present invention is shown. 
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System 10 is a computer-based system which comprises a 
digital processor 12 coupled to an input/output device 
14^ an optional printer 16, and a memory device 20. 
Digital processor 12 has a central processing unit 15 
and a quantity of RAM memory 18 sufficient to execute 
the operations of the present invention, as explained 
hereinafter. Any number of commercially available 
computers are suitable for use as digital processor 
12, ranging from microprocessor-based personal 
computers, to work stations, minicomputers and even 
main frame computers. 

Input/output device 14 is typically a conventional 
computer terminal having a CRT display and an 
alphanumeric keyboard, for both sending and receiving 
data to and from digital processor 12. Output device 
16 typically comprises a printer for displaying the 
results of the generated page layouts according to the 
present invention. Output device 16 is optional if 
device 14 is capable of visually displaying the 
generated page layout, as with most conventional 
computer terminals. 

Digital processor 12 is coupled to a memory 20 
through conventional input/output controllers and/or 
bus structures, depending on the implementation of 
memory 20. If digital processor 12 includes an 
adequate amount of on board RAM memory, memory 20 may 
comprise a ROM memory implemented with an optical disk 
or ROM cartridge. Alternately, memory 20 may comprise 
a RAM memory and may be implemented with a magnetic 
disk, magnetic tape, or a semiconductor memory. It 
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will be obvious to those reasonably skilled in the art 
that memory 20 may be implemented with a hard disk 
drive located directly in digital processor 12. It 
will be further obvious to those reasonably skilled m 
the art that system 10 may comprise a microprocessor 
based personal computer which has a keyboard and CRT 
terminal coupled thereto and contains adequate memory 
capacity to store the database and program of the 
present invention, as explained hereinafter. 

AS indicated in FIG. 1, memory 20 stores a program 
26 of proprietary source code, and a database 25 of 
one or more page specifications . Each page 
specification generically describes the page layout of 
a document, such as a business card, wedding 
invitation or business letterhead. 

Each page specification comprises page 
descriptors, undefined graphic and text elements, and 
a Dlurality of constraints relating to the graphic and 
text elements, and their relationships to one another 
and the page description. 

For example, page specification 22, shown 
conceptually in FIGS. 1 and 3, describes a generic 
document 30, shown conceptually in FIG. 2, which for 
the purposes of illustration is a business card. 
Document 30 comprises a page 28 having a default shape 
of unspecified dimensions. In the illustrative 
embodiment, page 28 has a landscape format, i.e. the 
width of the page is greater than the height of the 
uage. Document 30 further includes an undefined 
graphics element Gl as well as undefined text elements 
T1-T6 . 



BNSOOCID: <WO_a221097A1 J_» 



wo 92/21097 



PCr/US92/04076 



-9- 



Ref erring to FIG. 3, page specification 22, 
comprises a plurality of data structures representing 
the text and graphics elements of document 30/ as well 
as a plurality of constraints which dictate the 
relationships of the graphics and text elements to one 
another as well as to the page description. Text 
elements T1-T6 of document 30 are represented in page 
specification 22 by data structure DS1-DS6, 
respectively, which have the user-definable attributes 
of font style, character string, size, and location, 
as indicated. Graphics element Gl is also represented 
by a data structure GDI having the user-definable 
attributes of location, size, and actual graphics 
data. A plurality of other data structures, page 
descriptors PD1-PD2, within page specification 22 
define unchangeable aspects of the page 28. Page 
specification 22 further comprises a plurality of 
constraints Cl-CN which describe various aspects of 
page 28 as well as the size and placement of the text 
and graphic elements of document 3 0 and their 
relationship to each other and to page 28. 

To illustrate how page specification 22 describes 
a generic document, consider again document 30 of FIG. 
2, the business card. Page 28 represents the actual 
medium, typically paper, on which the business card is 
printed. The default shape of page 28 is dictated by 
the page descriptors in page specification 22 and may 
or may not be user-definable. As illustrated, page 28 
has a landscape format. In document 30, text element 
Tl 30 geherically represents the business card 
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holder's name. The text element T2 gener ically 
represents the card holder's title. Text element T3 
generically represents the business name, while text 
element T4 generically represents the business 
address. Text element T5 generically represents the 
business telephone number. The text element T6 
generically represents optional specialty information 
such as professional services or products produced by 
the business. A graphic element Gl generically 
represents optional graphic information such as a 
corporate logo or other symbols associated with the 
card holder's business or trade. 

Constraints Cl-CN of page specification 22 relate 
to the actual format of page 28 and the way in which 
text elements T1-T6 and graphic element Gl relate to 
one another and to page 28. For example, constraint 
CI may require that no text or graphic element be 
located closer than 1/8 inch to the perimeter of page 
28. constraint C2 may require that text element Tl, 
the cardholder's name, be center within page 28. 
constraint C3 may require that text element T2, the 
cardholder's title, has a type size which is not 
greater than 1/2 of the type size of the cardholder's 
name in text element Tl. Constraint C4 may require 
that text element T2, the cardholder's title, be 
centered beneath text element Tl, the cardholder's 
name. Constraint C5 may require that the type size of 
text element T3, the business name, be larger than the 
type size of text element T4, the business address. 
Constraint C6 may require that text element T5, the 
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business telephone information, be located in the 
lower left hand corner of page 28. Constraint C7 may 
require that the first character of text element T6, 
the specialty information, and the first character of 
text element T4, the business address be aligned 
vertically. Constraint C8 may recjuire that graphic 
element Gl, the corporate logo or symbol, if any, be 
located in the upper right corner of page 28. 
Numerous other constraints are possible. Still other 
constraints may define which attributes of the text 
elements T1-T6 and graphic element Gl are usually 
definable and what the attribute default values are. 
Still other constraints may group text or graphic 
elements into hierarchical structure of derived 
elements which must be manipulated as single 
entities . 

It will be appreciated by those reasonably skilled 
in the art that the above-described constraints are 
for exemplary purposes. The constraints, page 
descriptors and data structure describing the text 
elements and graphics elements are not limited to 
those listed herein and may be structured and defined 
as desired by the designer of the page specification, 
typically an experienced graphic designer, to achieve 
the desired generic document. 

Database 25 may contain numerous page 
specifications, with each specification defining a 
different generic document. For example, the database 
may contain several page specifications, each of which 
generically describes a different business card. By 
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using data structures having default attributes which 
can be selectively redefined by the user, and a 
plurality of predefined constraints, a generic page 
layout is described in each page specification which 
captures the complex relationships between the graphic 
and text elements in the page, yet allows the user 
several degrees of freedom to individually tailor the 
generic page layout to reflect the desired 
information. 

Referring again to Figure l, memory 20 contains a 
proprietary program 26 which, when executed by digital 
processor 12, enables the user to interact with the 
database 25 and automatically generates a page layout, 
given a selected page specification from database 25 
and the information supplied by the user. Program 26 
contains conventional user interface subroutines which 
allow the user to select one of the page 
specifications in database 25 and to interactively 
enter user information, such as character strings and 
a graphic data, into RAM memory associated with the 
data structures of the selected page specification. 
Once a page specification is selected and all 
user-definable data is entered, a number of 
subroutines in a program 26 compare the user-defined 
data and corresponding data structures of the selected 
page specification with the constraints of the page 
specification. If one or more of the constraints 
cannot be satisfied, as will typically be the case, 
with the user-defined data as received, a plurality of 
subroutines are used to selectively modify various 
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attributes of the user-defined text and graphic 
elements until substantially all of the constraints of 
the page specification are met. 

Program 26 contains subroutines which, for 
example/ change the type size of a character string in 
a text element, if the default type size and/or user 
specified type size is inappropriate to satisfy a 
particular constraint of the page specification. 
Program 26 may further contains subroutines for 
stretching the character string of a text element by 
changing the length of a character string in a single 
direction thereby maintaining the string aligned with 
another reference point while increasing its overall 
length. Such a subroutine may involve an algorithm 
which changes the spacing between particular 
characters of a font style or it may distort the 
character themselves. Program 26 may contain still 
other subroutines which scale a specific character 
string of a text element forcing it to either fill or 
fit within a given area to comply with a constraint of 
the page specification. 

If the placement of a text or graphic element, as 
defined by the user or by default attributes, does not 
satisfy one of the constraints of the selected page 
specification, program 26 may further include 
subroutines which change the spacing between text and 
graphic elements by increasing or decreasing the 
amount of space between the elements themselves as 
well as the perimeter of the page. Program 26 may 
contain further subroutines which change the aspect 
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ratio, i.e. the length to width ratio of the page 28, 
to conform the user-defined information with the 
various constraints of the page specification. 

. It will be obvious to those reasonably skilled in 
the art that program 26 is not limited to the 
subroutines described herein and may contain other 
subroutines which change the size, placement and 
relationship of the text and graphic elements of the 
selected page specification in relation to one another 
as well as the page definition. 

It may be appreciated that program 26 has the 
ability to modify the user defined information in the 
page specification to optimize the number of 
constraints which are satisfied. In doing so, the 
orogram executes numerous theoretical combinations of 
changes, depending on the number of constraints and 
elements within the page specification. In this 
manner, a user selects a generic page specification 
and indicates the desired character strings . The 
comt^uter then executes the redundant iterative trial 
and' error revisions of the text and graphics elements 
to satisfy the page specification and create a 
document having a page layout which is aesthetically 

pleasing to the user. 

In one embodiment of the present invention, all 
constraints in a given page specification are of equal 
importance. In an alternate embodiment, certain 
constraints are given higher priority than others 
within the same page specification. In generating the 
page layout, the higher priority constraints must be 
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satisfied while the lower priority constraints may or 
may not be. For example, with the business card of 
generic document 30, a constraint that the 
cardholder's name be centered within page 28 would be 
given a higher priority than a constraint requiring 
the cardholder's name be located a specific distance 
from any graphic elements on the page. In this 
alternate embodiment, the page specification may allow 
considerable degrees of freedom while still achieving 
satisfaction of the highest priority constraints in 
the selected page specification. 

Referring to FIG. A, a flowchart illustrating the 
steps of a method for automated layout of a page, 
according to a second aspect of the present invention, 
is illustrated. Following power-up and initialization 
of system 10, as indicated by step 40, the user is 
prompted and selects one of the page specifications 
from database 25 in memory 20, as indicated by process 
step 42. For the purposes of illustration, the 
selected page specification is assumed to be page 
specification 22 representing generic document 30, the 
business card. The program 26 then prompts the user 
to enter information into RAM memory 18 of processor 
12, as indicated in processing step 44. 

For example, the user will be prompted to enter 
the desired dimensions of the page 28, as well as the 
desired aspect ratio, i.e. portrait or landscape 
format, if applicable. The user will be further 
prompted to enter the individual character strings of 
each of text element T1-T6, as well as the desired 
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font styles, for example Helvetica, Times, Old 
English, etc., of each text string, if permitted by 
the constraints of the selected page specification. 
The user may additionally be able to specify the 
location and type size of text elements T1-T6. The 
user may further specify the location of graphics 
element Gl and provide graphical data which may be 
either entered directly by the user, with a graphic 
generating program or which may be previously stored 

in the system. 

Once the user data is entered into the memory, 
program 26 begins to manipulate the text and graphic 
elements to satisfy the constraints of the selected 
page specification, as indicated in process step 46 of 
FIG. 4. For example, if the user has entered a 
cardholder name in text element Tl with an abnormally 
long string of characters, program 26 may reduce the 
size of the type in order to center the text element 
within page 28. This, in turn, may require a 
relocation of text element T2, representing the 
cardholder's title, in order to satisfy the constraint 
that the cardholder title be centered beneath the 
cardholder's name. These changes to text elements Tl 
and T2 may further require that the spacing or 
locations of text elements T3, T4, T5 and T6 be 
changed or relocated with respect to page 28 in order 
to satisfy other of the constraints within the page 
specification. 

As previously described, the program uses 
subroutines which scale, stretch and change the size 
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and location of text or graphic data to accommodate 
the constraints of the specification. After each 
change to a text or graphic element, the system 
determines whether all or a majority of the page 
constraints of the page specification are satisfied, 
as indicated in decisional step 48. If this condition 
is not true, further iterations of steps 46 and 48 
occur until program 26 determines., in decisional step 
48, that all or a substantial majority of constraints 
are satisfied. 

Once program 26 has generated a page 28 which 
satisfies the constraints of the page specification 22 
given the user information, the resulting page layout 
may be either electronically displayed on input/output 
device 14 or printed on output device 16, as indicated 
in process step 50. At this point, the user may 
choose to create another document using the same 
method or to end the session, as indicated in 
decisional step 52. If the user wishes to create 
another document, the program again queries the user 
to select a new page specification which is 
appropriate for the desired document, as indicated in 
step 42, If the user does not wish to create a new 
doc\iment, the system may be powered down or the 
session ended, as indicated in step 54. 

It will be appreciated from the foregoing, that 
the method and apparatus of the present invention 
provides a user with relative degrees of freedom in 
creating a document while simultaneously freeing the 
user from making countless revisions to the page 
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layout of a document. Such a system and method are 
particularly well suited for applications in which 
generic documents containing individualized 
information are desired, for example, diplomas, 
certificates, business cards, wedding invitations, 
menus, printed advertisements, English language 
versions of foreign advertisements, etc. As such, the 
present invention allows a user to select a 
generically described document and, with numerous 
degrees of freedom, tailor the generic documents to 
the desired page layout. 

Accordingly, it will be appreciated that the 
detailed disclosure has been presented by way of 
example only and is not intended to be limiting, 
various alternatives, modifications and improvements 
will readily occur to those skilled in the art, and 
may be practiced without departing from the spirit and 
scope of the invention. The invention is limited only 
as required by the following claims and equivalents 
thereto . 

What is claimed is: 
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1. A method for automated layout of text elements 
and graphic elements on a page, comprising the steps 
of: 

a. selecting one of a plurality of page 
specifications stored in a memory device, each page 
specification comprising a plurality of constraints 
describing the layout of user-definable text elements 
and graphic elements on a page; 

b. defining said text elements and graphic 
elements; 

c. arranging said text elements and graphic 
elements into a page layout automatically in 
accordance with said plurality of constraints of said 
selected one page specification; and 

d. displaying the page layout arranged in step 

(c). 

2. The method of claim 1 wherein step (a) further 
comprises the further steps of: 

defining said plurality of constraints; and 
storing said plurality of constraints in a memory 
device. 

3. The method of claim 1 wherein said plurality 
of constraints comprises: 

a constraint on the size of one of the plurality 
of elements relative to others of said plurality of 
elements and to the page. 
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4. The method of claim l wherein said plurality 
of constraints comprises: 

a constraint on the placement of one of the 
plurality of elements relative to others of said 
plurality of elements and to the page. 

5. The method of claim 1 wherein said plurality 
of constraints comprises: 

at least one scaling constraint requiring one of 
the plurality of elements to fill or fit a designated 
area of the page. 

6. The method of claim 1 wherein said plurality 
of constraints comprises : 

a constraint on the aspect ratio of the page. 

7. The method of claim 1 wherein step (b) 
comprises the further steps of: 

defining the size of the page; and 
defining the aspect ratio of the page. 

8. The method of claim 1 wherein step (b) further 

comprises the step of: 

selecting a font style for one of the text 
elements of the page specification. 

9. The method of claim 1 wherein step (b) 
comprises: 

defining the character strings of the text 
elements of the page specification. 
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10. The method of claim 1 wherein step (b) 
comprises : 

defining the graphic data of the graphic elements 
of the page specification. 

11. The method of claim 1 wherein step (c) 
comprises the step of: 

scaling the size of one of the text elements and 
graphic elements in accordance with said plurality of 
constraints of said selected page specification. 

12. The method of claim 1 wherein step (c) 
comprises the step of: 

changing the spacing between ones of the text 
elements and graphic elements in accordance with said 
plurality of constraints of said selected page 
specification . 

13. The method of claim 1 wherein step (c) 
comprises the step of: 

changing the line breaks in the character strings 
of one of the text elements defined in step (b) . 

14. The method of claim 1 wherein step (c) 
comprises : 

stretching the character string of at least one 
text element defined in step (b) by changing the 
lengths of the character strings in a single direction- 
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15. The method of claim 1 wherein step (d) 
comprises : 

displaying the page layout of step (c) 
electronically on a display device. 

16. The method of claim l wherein step (d) 
comprises : 

printing the page layout of step (c) on a printer. 

17. The method of claim 1 wherein step (c) 
comprises: 

manipulating said text elements and graphic 
elements so that at least one of said plurality of 
constraints is complied with exactly. 

18. The method of claim 1 wherein said plurality 
of constraints have a hierarchical arrangement in 
which some of said constraints have a higher priority 
than other of said constraints and wherein the higher 
priority constraints are satisfied in step (c). 

19. An apparatus for automatically generating a 
layout of a plurality of text elements and graphic 
elements on a page, the apparatus comprising: 

a. memory means for storing a plurality of page 
specifications, each page specification comprising a 
plurality of constraints describing the layout of 
user-definable text elements and graphic elements on a 
outTJUt medium; 
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b. means, coupled to said memory means, for 
selecting one of said page specifications; 

c. receiving means for receiving and storing 
user-defined character strings defining said text 
elements of said one page specification and 
user-defined graphic data defining said graphic 
elements of said one page specification; 

d. means, responsive to said memory means and 
said receiving means, for manipulating said plurality 
of text elements and said plurality of graphic 
elements of said one page specification to 
automatically generate a page layout in accordance 
with the plurality of constraints of said one page 
specification; and 

e. means for displaying the generated page layout. 

20. The apparatus of claim 19 wherein said means 
for displaying comprises a video display device. 

21. The apparatus of claim 19 wherein said means 
for displaying comprises a printer. 

22. The apparatus of claim 19 wherein said 
plurality of constraints comprises: 

at least one constraint on the size of one of the 
plurality of elements relative to others of said 
plurality of elements and to the page. 

23. The apparatus of claim 19 wherein said 
plurality of constraints comprises: 
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at least one constraint on the placement of one of 
the plurality of elements relative to other of said 
plurality of elements and to the page. 

24. The apparatus of claim 19 wherein said 
plurality of constraints comprises: 

at least one scaling constraint requiring one of 
the plurality of elements to fill or fit a designated 
area of the page. 

25". The apparatus of claim 19 wherein said 
plurality of constraints comprises: 

a constraint on the aspect ratio of the page. 

26 . The apparatus of claim 19 wherein said means 
for manipulating comprises: 

means for scaling the size of one of the text 
elements in accordance with one of said constraints of 
said one page specification. 

27 . The apparatus of claim 19 wherein said means 
for manipulating comprises: 

means for changing the spacing between the text 
elements and graphic elements in accordance with one 
of said of constraints of said one page specification. 

28. The apparatus of claim 19 wherein said means 
for manipulating comprises: 

means for changing the line breaks in the 
user-defined character strings of a text element of 
said one page specification. 
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29. The apparatus of claim 19 wherein said means 
for manipulating comprises: 

means for stretching a user-defined character 
string of a text element by changing the length of the 
character string in a single direction. 

30. The apparatus of claim 19 wherein said means 
for storing is a ROM memory device. 

31. The apparatus of claim 19 wherein said means 
for manipulating comprises: 

means for scaling the size of one of the graphic 
elements in accordance with one of said constraints of 
said one page specification. 

32. The method of claim l wherein said plurality 
of constraints comprises: 

at least one constraint which arranges ones of 
said text elements and graphic elements into 
hierarchical structure which is manipulated as a 
single entity. 
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